Abstract To compare the effectiveness of culture methods for identifying yak Salmonella, three selective enrichment broths (SC, TTB, MSRV) and three media (SS, XLD, CAS) for detecting Salmonella were evaluated in this study. The results showed that TTB broth was better than SC broths and MSRV broths, and SS medium has the highest isolation rate, significantly higher than those of CAS and XLD media (P \ 0.05). It is worth noticing that there was no overlapping of the positive results given by TTB, SC and MSRV broths. In addition, all of the yak Salmonella isolates were detected positive by the five reported PCR assays, targeting the invA, srfC, invE, stn and 16S-23S rRNA genes. The combination of TTB and MSRV broths and SS and CAS media (or XLD) recommended in this study was relatively efficient in recovering Salmonella from yak feces, and the five PCR assays can be successfully used to identify yak Salmonella.
Introduction
Animal feces are the primary source of Salmonella, from which isolating and detecting Salmonella is still one of the main methods for epidemiological survey [1] . Currently, there are plenty of studies on Salmonella isolation methods, but none of them suits all serovars of Salmonella from different substrates [2] , for example, the culture methods appropriate for recovery of Salmonella from food, feed, or environmental sources may not be optimal for recovery from feces. Additionally, culture methods for recovery of Salmonella from a given substrate may be species-specific [2] . Choosing appropriate enrichment broths and selective media according to animal species is an effective way of increasing the isolation rate of Salmonella. Moreover, to optimize the detective performance of Salmonella, it is necessary to select a variety of separation media and use them in combination [2, 3] .
PCR assays have been widely used in the detection and identification of Salmonella [1, [4] [5] [6] [7] . However, due to the wide range of Salmonella serovars, some methods might present false-negative or false-positive results when increasing the number of isolates or serovars [8] . Hence, it is necessary to carry out the internal lab validation of PCR primers prior to their application to the type of samples of interest.
The Yak, a unique longhaired bovine found throughout the Himalayan region, is able to adapt to the alpine ecological conditions. There are over 14 million yaks in the world. Yak is mainly distributed in China, northern India, Pakistan, Nepal and Bhutan. In China, there are scattered populations on *3,000-5,000 m above sea level in Qinghai-Tibet Plateau. Salmonellosis is a common disease of the yak, causing significant losses for yak production [9] . However, there are no reports on how to effectively separate Salmonella from yak feces. The aim of this study was to compare the isolation and culture performances of yak Salmonella using three enrichment broths and three selective media. 
Materials and Methods
Fecal Samples, Strains and Media 26 fecal samples were collected aseptically from apparently healthy yaks in a slaughterhouse in October 2010. Samples (S1-S26) were immediately placed in sterile tubes and shipped frozen in iceboxes to our laboratory within 3 h for further tests. 35 clinical isolates of yak Salmonella were originally preserved in our laboratory, and the isolates obtained in this study were used to test the effectiveness of five reported PCR assays. Buffered peptone water (BPW) (Hangzhou Microbial Reagent Co., Ltd, China) was used as pre-enrichment media. Three selective enrichment broths, including selenite cystine (SC), tetrathionate broth base (TTB) and modified semisolid rappaport-vassiliadis (MSRV) (Qingdao Hope Biol-Technology Co., Ltd, China) were used for further enrichment of Salmonella. The xylose lysine desoxycholate agar (XLD) (Hangzhou Microbial Reagent Co., Ltd, China), Salmonella shigella agar (SS) (Land Bridge Technology Co., Ltd, China) and chromogenic Salmonella agar (CAS) (CHRO-Magar, France) were used as solid selective media.
Bacteria Isolation
The procedures of isolation of Salmonella are described as follows shown in Supplementary Fig. 1 .
A. Pre-enrichment: 1 g of stool sample was inoculated into 10 mL BPW, and then cultured at 37°C for 24 h.
B. Selective enrichment: 1 mL of BPW was inoculated into 10 mL SC broth and 10 mL TTB broth, respectively. 0.1 mL of BPW was inoculated into 15 mL MSRV broth supplemented with 15 lL 1 % novobiocin (Hangzhou Microbial Reagent Co., Ltd, China). After inoculation, the SC broth was cultured at 37°C for 24 h, and the TTB and MSRV broths at 42°C for 24 h.
C. Bacteria isolation: After selective enrichment, the three broths mentioned above were inoculated into XLD, CAS and SS solid media, respectively, and then cultured at 37°C for 24 h. The five suspected Salmonella colonies from the one sample were picked for further purification and identification.
Identification
The suspected Salmonella strains from the three different solid selective media were biochemically and serologically identified according to the method in Ref. [9] . Salmonella biochemical tubes and A-F polyvalent serum were purchased from Hangzhou Microbial Reagent Co., Ltd, China and Lanzhou Institute of Biological Products Co., Ltd. China, respectively.
Comparison of Five PCR Assays for Identification of Yak Salmonella
The five reported PCR assays [1, [4] [5] [6] [7] targeting the invA, srfC, invE, stn and 16S-23S rRNA genes, were selected to conduct PCR amplification of the Salmonella identified in this study and the other 35 strains of yak Salmonella. The primers used for PCR (Supplementary Table 1 ) were synthesized by Takara (Dalian, China).
Data Analysis
The comparison of the rates of positive reactions by each method was statistically analyzed according to the McNemar test [10] . A pair-wise was made using the relationship:
Isolation of Salmonella from Yak Fecal Samples
Among the 26 samples tested, 13 Salmonella strains were isolated from 13 fecal samples using different combinations of selective enrichment broths and solid media shown in Supplementary Table 2 . The results showed that the isolation rates varied between different combinations, in which the highest was the combination of TTB broth and SS medium, followed by the combination of MSRV broth and SS medium.
Comparison of the Selection of Broths and Media on the Isolation Rates
The 4, 4 and 9 samples showed positive results using the three selective enrichment broths MSRV, SC and TTB broths, respectively. Although the result was not significant in statistical analysis (P [ 0.05), TTB broth performed better than MSRV and SC broths in this study in terms of isolation rate, shown in Supplementary Fig 2a. Among the three selective solid media, SS medium has the highest isolation rate, significantly higher than CAS and XLD media (P \ 0.05), indicating that the isolation performance of SS medium was better than the other two, shown in Supplementary Fig 2b. 
The Isolation Rates of the Combinations of Broths and Media
Among all the combinations of 2 broths and 2 media, TTB and MSRV in combination with SS and CAS or XLD had the highest isolation rate shown in Supplementary Table 3 .
Comparison of the Five Reported PCR Methods for the Identification of Yak Salmonella
Total 48 strains (13 strains were isolated in this study and the other 35 strains were preserved in our laboratory) were used to comparison of the reported five PCR assays. All of 48 strains of yak Salmonella were positive by the five PCR assays, suggesting that these PCR methods could be successfully used to identify yak Salmonella.
Discussion
Salmonella is a major pathogenic bacterium in humans as well as in animals, and salmonellosis remains a significant threat to public health worldwide. The fecal wastes from infected animals and humans are important sources of bacterial contamination of the environment and the food chain. It is difficult to compare the isolation rates of Salmonella due to different sample sources and isolation methods [2] . In the Qinghai-Tibet Plateau, salmonellosis is a common disease for yak, characterized by systemic infection, significantly affecting the production of yak [9] . In this study, 13 Salmonella strains were isolated using different combinations of selective enrichment broths and solid media. The results showed that healthy yak carrying Salmonella might be an important source of infection. Although the sample size was limited in this study, the results indicated that the carrying rates of yak Salmonella were significantly high in some areas, which was worthy of attention in terms of public health.
Countries and regions have different standards for isolating and identifying Salmonella, such as draft Annex D of EN ISO 6579:2002, GB4789.4 2010 (National standard of China), NMKL71 (Nordic committee on food analysis) and DIN EN 12824:1998 (European gold standard). Different standards may recommend distinct broths and media [2] . Due to rare appearances of non-motile Salmonella serovar in animal stool and the environment, the MSRV broth and XLD medium were recommended according to the ISO 6579:2002 (Annex D). Also, it was confirmed that MSRV medium was significantly better than RV medium in the test of isolation of Salmonella from chicken feces and swan stools, but showed no difference in bovine feces [2] . van Dijk et al. [3] compared the isolation rates for Salmonella of XLD and SS media from 1,339 human stool samples, and found that the isolation rate for XLD was higher than that of SS medium. Furthermore, some media are not suitable for the growth of certain serovars of Salmonella [2] . To minimize the likelihood of false-negative results, it is recommended in GB4789.4 2010 to use TTB and SC broths and BS and XLD or HE media.
The results in this study showed that SS medium has higher isolation rate for Salmonella than CAS and XLD media, indicating that SS medium is a suitable medium for isolation of yak Salmonella. Using the same media, TTB broth performed better than MSRV and SC broths. The combination of TTB broth and SS medium obtained the highest isolation rate, followed by the combination of MSRV broth and SS medium, with the lowest isolation rate appearing in the SC broth and SS medium combination. The above results indicated that the different methods significantly influenced the isolation rates of Salmonella from fecal samples of yak. It is worth noticing that there was no overlapping of the positive results given by TTB, SC and MSRV broths, but all showing some false-negative results. To increase the isolation rate of yak Salmonella, we recommended the combination of TTB and MSRV broths, along with the combination of SS and CAS or XLD media.
There is a large amount of study on PCR assays for detecting or identifying Salmonella. Ziemer and Steadham [8] evaluated nine methods for identifying Salmonella, targeting 16S rDNA, hilA, stn, invA, iroB, his, sipB/C, invA and spvC, among which the hilA-based PCR assay showed false-negative result for S. bongori, and 16S rDNA-based PCR assay showed false-negative results for strains from some Salmonella subgroups. It was recommended to carry out the internal lab validation of PCR primers prior to application to the type of samples of interest [8] . To validate primers in yak Salmonella, the five reported primers were used to amplify the sequences of invA, stn, srfC, invE and 16S-23S rRNA from 47 isolates, and no false negative results were observed in this study. Therefore, it is possible to use these five pair primers as the specific primers for the detection of yak Salmonella, providing reference for rapid detection using PCR assays on the clinical samples.
In conclusion, the results obtained in this study showed that the culture methods could significantly influence the isolation rates of yak Salmonella. The combination of TTB and MSRV broths and SS and CAS media (or XLD) has better performance. All the five reported PCR assays for Salmonella detection tested in this study can be used for the rapid detection of yak Salmonella.
